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METHOD AND MEANS FOR BALANCING A GAS 
TURBINE ENGINE 

BACKGROUND OF THE INVENTION 

This invention relates to a method and means for bal~ 
ancing a gas turbine engine and, more particularly, to a 
method and means of initially balancing a gas turbine 
engine and replacement turbines therefor in order that 
the original turbine may be removed and replaced with 
out performing additional balancing operations. 
The invention herein described was made in the 

course of or under a contract or subcontract thereun 
der (or grant) with the Department of the Army. 

Military aircraft, particularly aircraft having a verti 
cal takeoff or landing (VTOL) capability, are often uti 
lized in areas where conventional air?elds are non 
existent, such as in combat zones and in other isolated 
areas. Under these and related conditions, the aircraft 
engines will be subject to increased risk from both 
enemy ?re and the ingestion of substantial quantities of 
small foreign objects such as sand and dust particles. 
Therefore, the aircraft engines must be readily repair 
able in combat zones and other isolated areas away 
from air?elds and service shops where manpower may 
be limited and where the only tools available may be 
those generally found in a hand tool box. 
To this end, recent concepts for modularizing gas tur 

bine engines have been developed as fully described in 
US. Pat. applications, Ser. Nos. 308,179 and 318,280, 
both of which are assigned to the instant assignee. 
These modularized gas turbine engines permit ?eld re 
placement of major subassemblies such as turbines or 
combustors with only those tools which may be carried 
in an ordinary hand tool box. The turbine has been 
made readily maintainable by connecting it through a 
toothed coupling to the aft end of the engine rotor shaft 
which in turn is drivably connected to the engine com 
pressor. In this manner the turbine overhands the aft 
end of the shaft and may be readily removed and re 
placed without disrupting a bearing or seal. 
Unfortunately, dif?culties have arisen due to the tol 

erances in the face and radial runout of the toothed 
coupling between the shaft and turbine which have 
made it heretofore impossible to remove and replace a 
turbine without performing a subsequent balancing op 
eration. Such a balancing operation, however, involves 
the use of a balancing machine which would not ordi 
narily be available in the field. 
Therefore, it is a primary object of this invention to 

provide a method of initially balancing a gas turbine en 
gine and thereafter replacing the turbine without per 
forming any additional balancing operations. 

It is also an object of this invention to provide a 
method and means of initially balancing a gas turbine 
engine and any replacement turbine therefor at the fac 
tory in order that the original turbine may be readily 
removed and replaced in the ?eld without performing 
an additional balancing operation. 

SUMMARY OF THE INVENTION 

These and other objects and advantages will be more 
clearly understood from the following detailed descrip 
tion and drawings, all of which are intended to be rep 
resentative of, rather than in any way limiting on the 
scope of invention. A method is provided for initially 
balancing a gas turbine engine and thereafter replacing 
the turbine without performing any additional balanc 
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2 
ing operations. The method comprises the steps of ?rst 
balancing a compressor and its connecting shaft for ro 
tation with respect to a forward and aft bearing within 
the engine. Next the original turbine and any replace 
ment turbine therefor is balanced on an arbor apart 
from the engine. After the original turbine is balanced, 
on the arbor, it is then connected to the shaft and addi 
tional balance weights are added to the turbine to cor 
rect for any unbalanced condition precipitated by the 
connection of the balanced turbine to the connecting 
shaft. If the original turbine should then become defec 
tive, it may be removed and replaced without perform 
ing a subsequent balancing operation so long as the ad 
ditional balance weights are maintained in their origi 
nal positions. 

DESCRIPTION OF THE DRAWINGS 

While the specification concludes with claims dis~ 
tinctly claiming and particularly pointing out the inven 
tion described herein, it is believed that the invention 
will be more readily understood by reference to the dis 
cussion below and the accompanying drawings in 
which: 
FIG. 1 is a side view, partly in cross-section, of a 

modularized gas turbine engine balanced in accor~ 
dance with the method and means of this invention. 
FIG. 2 is an enlarged cross-sectional view of the tur 

bine of the modularized engine of FIG. 1. 
FIG. 3 is a cross-sectional view taken along the line 

3-3 of FIG. 2. 
FIG. 4 is a side view of a portion of two typical shafts 

coupled together for rotation. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 1, there is shown a gas turbine en 
gine 10 having an outer casing 12 which is open at one 
end to provide an inlet 14 for the entrance of an ambi 
ent inlet air?ow. The inlet airflow is compressed by a 
compressor 16 which may be either of the axial flow or 
centrifugal ?ow type. Compressor 16 includes a rotor 
18 from which extend a number of axially spaced apart ' 
rows of rotor blades 20 interdigited between rows of 
axially spaced apart stator vanes 22 which may be of 
the variable type. Pressurized air may be discharged 
from the compressor 16 through a plurality of circum 
ferentially spaced apart diffuser vanes 24 through 
which the compressed air is diffused prior to entering a 
combustion chamber 26. 
Combustion chamber 26 is de?ned by a combustion 

liner assembly 28 and receives an inlet ?ow of fuel 
through a plurality of circumferentially spaced apart 
fuel noules 30. The high pressure air and fuel mixture 
is ignited to produce a high energy gas stream which 
exits from the combustion chamber 26 through a noz 
zle diaphragm assembly 32. High energy gas from the 
nozzle diaphragm assembly 32 then drives an overhung 
gas generator turbine 34 which connects to the com 
pressor rotor 18 through a shaft 38. , 

It will thus be appreciated that the gas turbine engine 
10 so far described could be utilized asa gas genél'ator 
in combination with a power turbine [not sltEWvn] to 
form a turboshaft engine which may be celih'écted to 
drive the rotor blades of a helicoi‘ter [als'b HBt shown]. 
It‘ will also be appreciated that 5i? “gas llifbliie engine 
ltl tnay be utilized as a gas genef?tbf iii a tlltbofan en 
giHE or turboprop engine. 
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The gas turbine engine 10 also includes a plurality of 
interconnected static frame members shown generally 
at 36 within which the rotor 18 and shaft 38 are jour 
nalled for rotation by a forward bearing housed within 
a sump 40 and an aft bearing housed within a sump 42. 
The gas turbine engine 10 may also include a variable 
exhaust nozzle 43 through which the high energy gas 
stream exits from the engine. 
Referring now to FIG. 2, in conjunction with FIG. 1, 

the gas generator turbine 34 is shown in greater detail 
as including a forward rotor disc 44 spaced axially 
apart from an aft rotor disc 46. The forward and aft 
rotor discs 44, 46 are maintained in axially spaced 
abutting relation by a plurality of circumferentially 
spaced apart tie bolts 48, each of which has an integral 
bolt head 50 at one end thereof and is threadably en 
gaged by a locknut 52 at the opposing end thereof. 
Torque is transmitted between the forward and aft 
rotor discs 44, 46 through a toothed coupling 54. Thus 
it should be appreciated that the elongated bolts 48 op 
erate solely to maintain the rotor discs 44, 46 in axially 
engaging relation and do not operate to transfer torque 
between the rotor discs. Because torque is not trans 
ferred by the bolts 48, clearances between the bolts 48 
and their respective holes in the rotor discs 44, 46 may 
be enlarged to permit easy insertion of the bolts there 
through. 
The forward rotor disc 44 includes a plurality of cir 

cumferentially spaced apart airfoil type blades 56 dis 
posed about the periphery thereof. Each airfoil type 
blade 56 includes an inner root portion 58 which may 
engage a dovetail slot in the periphery of the rotor disc 
44 in a manner well known to the turbine art. In like 
manner, the aft rotor disc 46 also includes a plurality of 
circumferentially spaced apart airfoil type blades 60 
disposed about the periphery thereof. Each blade 60 
also includes a root portion 62 which may be engaged 
by a dovetail slot in the periphery of the rotor disc 46. 
As is readily apparent, the gas generator turbine 34 

overhangs the aft end of the shaft 38 and may be 
quickly connected thereto by a plurality of circumfer 
entially spaced apart tie bolts 64 interspaced between 
the bolts 48 and threadably engaged at the aft ends by 
locknuts 66. The tie bolts 64 engage the shaft 38 
through a radially extending circumferential ?ange 68 
which is formed integral to the aft end of the shaft 38. 
Once again, the bolts 64 serve only to maintain the 
rotor discs 44, 46 and shaft 38 in spaced axially en 
gaged relation with torque being transmitted through a 
toothed coupling 70. Because the bolts 64 also do not 
transmit torque, clearances between the bolts in their 
respective holes may be enlarged to permit easy inser 
tion of the bolts therethrough. 
During assembly of the gas turbine engine 10, the 

rotor 18 and its associated shaft 38 must be carefully 
balanced so that the center of inertia (center of mass) 
of the compressor and shaft coincide with the center 
axis of rotation. The rotor 18 and shaft 38 are both stat 
ically and dynamically balanced in a conventional man 
ner which may be achieved in various ways, as, for ex 
ample, by the addition of special weights designed to ?t 
on the bolts or in grooves, or by grinding material from 
speci?ed sections on the rotor 18. In order to facilitate 
the maintainability of the engine, as previously dis 
cussed, it is desirable that the gas generator turbine 34 
be made readily removable and replaceable without the 
performance of additional balancing operations. 
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4 
Although a replacement gas generator turbine may 

be both statically and dynamically balanced at the fac 
tory or service shop, difficulties still arise in the ?eld 
when the replacement turbine is bolted to the aft end of 
the shaft 38. Such dif?culties are precipitated by an un 
balance introduced in the replacement gas generator 
turbine by the radial runout and face runout of the 
teeth at the aft end of the shaft 38. 

Radial runout may be best understood by referring to 
FIG. 3 where the phantom line 72 represents the pitch 
line through the teeth of the toothed coupling 70. Ide 
ally for a balanced rotor the geometric center of the 
pitch line 72 should coincide exactly with the center 
axis of rotation. However, such may not be the case due 
to present state of the art limitations in machining tol 
erances. The deviation of the geometric center of the 
pitch line 72 from the center axis of rotation is referred 
to as radial runout and introduces an unbalanced con 
dition in the rotor which must be compensated for by a 
subsequent balancing operation. However, any balanc 
ing operation may be dif?cult, it not impossible, to per 
form in the ?eld .away from the factory or service shop. 
Face runout may be best understood by referring to 

FIG. 4 where a balanced shaft 76 which is disposed for 
rotation about a center axis 80 connects to another 
shaft 78 through a toothed coupling 74. Ideally, the 
plane of the toothed coupling 74 should be exactly nor 
mal to the center axis of rotation 80, and any slight de 
viation therefrom as shown is commonly referred to as 
face runout and introduces an unbalance condition. 
The unbalance must be subsequently compensated for 
by an additional balancing operation which again may 
be impossible to perform in the ?eld. 
Referring back to FIG. 2, it becomes readily apparent 

that a replacement gas generator turbine 34 cannot be 
simply bolted to the aft end of the shaft 38 without in 
curring an unbalance condition precipitated by the ra 
dial and face runout at the toothed coupling 70. The 
method of this invention, however, provides a means 
whereby any radial or face runout of the toothed cou 
pling 70 may be initially compensated for at the factory 
by the addition of a plurality of circumferentially 
spaced apart balance washers 80. The original turbine 
may then be removed and replaced with another fac 
tory balanced turbine without disrupting the overall 
rotor balance by simply replacing the balance washers 
80 in their original locations. 
During initial engine assembly, the method of this in 

vention provides for the gas generator turbine 34 and 
any replacement turbine therefor to be initially bal 
anced, both statically and dynamically, by attachment 
to an arbor closely resembling the aft end of the shaft 
38. Each of the turbines is balanced in a conventional 
manner such as by the addition of weights designed to 
?t on bolts or in grooves or by grinding material from 
speci?ed sections on the turbine. In this manner,’ any 
radial or face runout in the toothed coupling between 
the arbor and turbine will be balanced out. The turbine 
is then removed from the arbor and coupled to the aft 
end of the shaft 38 by the tie bolts 64, whereupon a new 
unbalanced condition will exist due to the change in the 
radial and face runout of the toothed coupling 70. 
Once again, the entire rotor must be rebalanced both 
statically and dynamically so as to compensate for dif 
ferences between the radial and face runout of the 
toothed coupling 70. This balancing operation may be 
accomplished in a conventional manner by the addition 

. of a plurality of circumferentially spaced apart balance 
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washers 80 which are slipped over the ends of the tie 
bolts 64. 
After the engine has been delivered from the factory 

for operation in the field, the gas generator turbine 34 
may be removed and replaced by simply loosening the 
locknuts 66 and pulling the turbine in the aft direction 
so as to disengage the teeth of the coupling 70. As long 
as the replacement turbine has been balanced on an 
identical type of arbor as the original turbine, it may be 
installed on the engine without disrupting the overall 
rotor balance so long as the balance washers 80 are re 
placed in their original positions. 

In this manner, a gas generator turbine of the over~ 
hung type may be readily removed and replaced with 
-out the necessity of performing additional balancing 
operations despite variations in the radial and face run 
outs at the toothed ends of the replacement turbines. 
The initial balancing of the original turbine and any re 
placement turbine therefor on the same type arbor at 
the factory compensates for any variation in radial and 
face runout between the toothed ends of the different 
replacement turbines. Maintaining the balance weights 
80 in identical locations after the removal and replace 
ment of a turbine compensates for any unbalance 
which may be introduced by the radial or face runout at 
the toothed end of the shaft 38. Also, as becomes 
readily apparent, any replacement turbine balanced at 
the factory may be interchanged with any engine tur 
bine in the ?eld. Thus, a special inventory of spare 
parts need not be maintained for each engine, resulting 
in a far simpler logistics support system. 
Accordingly, while a preferred embodiment in a pre 

ferred application of the present invention has been de 
picted and described, it will be readily appreciated by 
those skilled in the art that many modi?cations, substi 
tutions and changes may be made thereto without de 
parting from the invention’s fundamental theme. For 
example, a dummy turbine resembling a real turbine in 
weight and previously balanced on the identical arbor 
as the real turbine may be kept at the factory for con 
nection to the aft end of the shaft 38 in a partially as 
sembled engine. The entire rotor including the com 
pressor 16 and shaft 38 together with the dummy tur~ 
bine, may be balanced both dynamically and statically 
by the addition of balance washers 80 in the previously 
described manner. The dummy turbine may then be re 
moved and replaced with a real turbine without further 
balancing so long as the balance weights 80 are main 
tained in their original positions. In this manner, pro 
duction or servicing may proceed despite the fact that 
an actual turbine may not be immediately available, 
whereupon it becomes a simple matter to install the 
real turbine after its receipt without having to perform 
any additional balancing operations. Also, it should be 
readily appreciated that although a two stage turbine 
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6 
has been depicted and described, the actual scope of 
invention is by no means so limited and turbines having 
one or more stages may also be utilized. In addition al 
though a toothed coupling 70 has been described, it 
would be equally satisfactory to use other types of cou 
plings such as a flange joint or rabbet joint. 
Therefore, having described preferred embodiments 

of the invention, what is desired to be secured by letters 
patent is as follows: 

1. A method of initially balancing a gas turbine en 
gine and thereafter replacing the turbine without per 
forming any additional balancing operations comprises: 
balancing a compressor and its connecting shaft for 

rotation with respect to a forward and aft bearing 
within the engine; 

balancing the original turbine and any replacement 
turbine therefor for rotation with respect to the 
same or a substantially identical arbor apart from 
the engine; 

connecting the original balanced turbine to the shaft; 
correcting any unbalanced condition precipitated by 

the connection of the balanced original turbine to 
the connecting shaft by adding balance weight 
means to the original turbine, and 

removing and replacing the original turbine with the 
balanced replacement turbine while maintaining 
the positions of the balance weight means in the 
same relative positions on the replacement turbine 
as on the original turbine. 

2. The method of claim 1 wherein: 
the compressor and its connecting shaft are balanced 

in a conventional manner; 
the original turbine and any replacement turbine 
therefor is connected to the arbor by a toothed 
coupling, and 

the original balanced turbine and any replacement 
turbine therefor is connected to the aft end of the 
shaft by a second toothed coupling substantially 
identical to the ?rst toothed coupling wherein the 
additional balance weight means corrects for any 
unbalance due to radial and face runout at the sec 
ond toothed coupling. 

3. The method of claim 2 wherein: 
the original balanced turbine and any replacement 

therefor is connected in spaced axially engaged re 
lation with the shaft by a plurality of circumferen 
tially spaced apart tie bolts interconnecting the tur 
bine and shaft with torque transmitted from the 
turbine to the shaft through the second toothed 
coupling; and 

the additional balance weight means comprises wash 
ers slipped over the tie bolts so as to always retain 
their original positions despite the removal and re 
placement of a turbine. 

* * * * * 


